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   The Alpha-Tocopherol, Beta-Carotene 
Cancer Prevention (ATBC) Study 
demonstrated a 32% reduction in 
prostate cancer incidence in response 
to daily  α -tocopherol  supplementation. 
We examined baseline serum concen-
trations of  α -tocopherol and  γ -tocopherol 
to compare their respective associa-
tions with prostate cancer risk. From 
the ATBC Study cohort of 29 133 Finn-
ish men, 50 – 69 years old, we randomly 
selected 100 incident prostate cancer 
case patients and matched 200 control 
subjects. Odds ratios and 95% confi -
dence intervals (CIs) were estimated 
for the serum tocopherols (measured 
by high-performance liquid chroma-
tography) using logistic regression 
models. All  P  values were two-sided. 
Odds ratios for the highest versus the 
lowest tertiles were 0.49 (95% CI = 
0.24 to 1.01,  P  trend  = .05) for  α -tocoph-
erol and 0.57 (95% CI = 0.31 to 1.06, 
 P  trend  = .08) for  γ -tocopherol. Further 
analyses indicated that the association 
of high serum tocopherols with low 
prostate cancer risk was stronger in 
the  α -tocopherol – supplemented group 
than in those not receiving  α -tocopherol. 
Participants with higher circulating 
concentrations of the major vitamin E 
fractions,  α -tocopherol and  γ -tocoph-
erol, had similarly lower prostate can-
cer risk. [J Natl Cancer Inst 2005; 
97:396 – 9]  

     Vitamin E occurs naturally as four toc-
opherols and four tocotrienols.  γ -Tocopherol, 
the most prevalent form of vitamin E in 

the typical U.S. diet  ( 1  –  3 ) , has received 
increasing attention recently  ( 2 ) .  α -
Tocopherol is the predominant form of 
vitamin E in plasma, regardless of dietary 
intake, due to preferential binding by the 
hepatic  α -tocopherol transfer protein 
 ( 1  –  3 ) .  

   α -Tocopherol supplementation re du-
ced prostate cancer incidence by 32% 
(95% confi dence interval [CI] =  − 47% to 
 − 12%) in the Alpha-Tocopherol, Beta-
Carotene Cancer Prevention (ATBC) 
Study  ( 4 ) . Observational data regarding 
serum  α -tocopherol and  prostate cancer 
risk have been mixed, however  ( 5  –  15 ) , 
and few studies measured  γ -tocopherol 
 ( 7  –  11 ) . We therefore conducted a nested 
case – control study within the ATBC 
Study cohort to compare the prostate 
cancer risk associations of serum  α -
tocopherol and  γ -tocopherol.  

  The ATBC Study included 29 133 
male smokers, aged 50 – 69 years, recruited 
from southwestern Finland from 1985 to 
1988. Subjects were provided  α -tocoph-
erol and/or  β -carotene supplements or 
placebo for 5 – 8 years. The study was 
approved by the institutional review 
boards of the National Cancer Institute 
and the National Public Health Institute 
of Finland, and written informed consent 
was obtained from all participants  ( 16 ) .  

  Case patients (n = 100) were ran-
domly selected from among 246 incident 
prostate cancer patients ascertained 
through the Finnish Cancer Registry, 
based on the abstracted medical records, 
and diagnosed through April 30, 1993. 
The time from baseline to prostate can-
cer diagnosis ranged from 2.2 to 7.9 
years (median, 6.1 years). Control 
 subjects (n = 200) were alive and free of 
prostate cancer at the time of case patient 
diagnosis and were individually matched 
to case patients by age (within 5 years), 
intervention group, and date of baseline 
serum collection (within 15 days).  

  At baseline, participants completed 
risk factor and dietary questionnaires 
 ( 17 )  and provided fasting serum samples 
(stored at  − 70 °C). Serum  α -tocopherol 
and  γ -tocopherol concentrations were 
determined by reverse-phase high-per-
formance liquid chromatography, as 
 previously described  ( 18 ) . Case patients 
and control subjects were assayed 
 consecutively within batches along with 
blinded quality-control samples (n = 32). 
Coeffi cients of variation were 2.6% 
(within-batch) and 3.3% (between-
batches) for  α -tocopherol and 6.2% and 

4.7%,  respectively, for  γ -tocopherol. 
Serum  β -carotene and cholesterol were 
previously measured  ( 16 , 19 ) .     Odds ratios 
(ORs) and 95% CIs were estimated using 
conditional logistic regression models, 
adjusted for serum cholesterol. Age at 
randomization, body mass index, height, 
smoking, benign prostatic hyperplasia, 
physical activity, urban residence, edu-
cation, and marital status were not con-
founders in our sample (i.e., each factor 
produced <10% change in tocopherol 
beta-coeffi cients). Effect modifi cation 
was assessed through a cross-product 
term and by stratifi cation. All  P  values 
were two-sided, and groups were consid-
ered statistically  signifi cantly different if 
 P <.05.  

  Case patients had lower intake of total 
vitamin E but were otherwise compara-
ble to control subjects ( Table 1 ). In con-
trast to patterns in U.S. populations, 
  α -tocopherol intake exceeded  γ -tocoph-
erol intake in these Finnish men. Serum 
 α -tocopherol and  γ -tocopherol were 
highly correlated (all  P < .01) with each 
other (Spearman  r  = 0.51), with intakes 
of total vitamin E ( r  = 0.22 and 0.24, 
respectively),  α -tocopherol ( r  = 0.20 and 
0.22),  γ -tocopherol ( r  = 0.20 and 0.33), 
and serum cholesterol ( r  = 0.61 and 0.22).    

  Men with higher circulating levels 
of  α -tocopherol and  γ -tocopherol had 
lower prostate cancer risk, and the rela-
tionships were concentration dependent 
and demonstrated borderline statistical 
 signifi cance for  α -tocopherol ( Table 2 ). 
When both tocopherols were included 
in the model, odds ratios were attenu-
ated (for  α -tocopherol, OR = 0.58, 95% 
CI = 0.26 to 1.26; for  γ -tocopherol, 
OR = 0.68, 95% CI = 0.35 to 1.31 for 
the highest versus the lowest tertiles). 
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The ratio of serum  α -tocopherol to  γ -
tocopherol was not associated with risk. 
We jointly classifi ed participants based 
on the median values of  α -tocopherol 
and  γ -tocopherol among the control 
subjects and observed the following 
odds ratios: 0.58, 0.66, and 0.55 for high 
 α -tocopherol/low  γ -tocopherol, low  α -
tocopherol/high  γ -tocopherol, and high 
 α -tocopherol /high  γ -tocopherol com-
pared with the group low in both tocoph-
erols (all confi dence intervals included 
1.0).       The associations for both tocopher-
ols were stronger among study partici-
pants who received  α -tocopherol supple-
mentation and among those who received 
 β -carotene supplementation than among 
those who did not ( Table 2 ); however, 
none of the interactions was statistically 
signifi cant. In addition, prostate cancer 
risk appeared lower among men in the 
highest tertiles of  γ -tocopherol who had 
below-median vitamin E intake than 
among those with above-median intake 
and lower among those who reported use 
of any vitamin supplements than among 
those who did not (data not shown; inter-
actions not statistically  signifi cant).  

  Five previous prospective studies 
examined both serum  α -tocopherol and 
 γ -tocopherol in relation to prostate 

 cancer risk  ( 7  –  11 ) . All but one  ( 11 )  
showed inverse associations for higher 
serum  α -tocopherol concentrations (odds 
ratios ranging from 0.58 to 0.78 for high-
est versus lowest quantiles), the associa-
tion was statistically signifi cant in one 
study ( P  = .04)  ( 10 ) , and another found 
the association only among those with 
advanced disease (and slightly stronger 
still among smokers with advanced 
disease)  ( 7 ) . Only one study (two  analyses 
from the Washington County, Maryland, 
 “ CLUE II ”  cohort) found an inverse 
association for serum  γ -tocopherol  ( 8 , 9 ) . 
This study reported higher median con-
centrations of  γ -tocopherol (0.28 – 0.29 
mg/dL) than did the null studies [0.15 –
 0.24 mg/dL  ( 7 , 9  –  11 ) ], and risk reduction 
was limited to the highest quintile (i.e., 
>0.41 mg/dL)  ( 8 , 9 ) . In the present inves-
tigation, participants had much lower 
 γ -tocopherol concentrations (median = 
0.10 mg/dL), yet we observed an inverse 
dose – response association with prostate 
cancer. In addition, the ratio of serum  α -
tocopherol to  γ -tocopherol is highest in 
the ATBC Study and lowest in CLUE II, 
so neither a threshold effect nor the ratio 
of the two tocopherols appears to explain 
the relationship between  γ -tocopherol 
and prostate cancer.  

  Previous data suggest that  α -tocopherol 
supplementation decreases plasma and 
tissue  γ -tocopherol concentrations 
 ( 2 , 20 ) . Although for this study we 
assayed presupplementation serum and 
cannot address this issue directly, our 
fi ndings indicate an inverse association 
for baseline serum  γ -tocopherol and 
prostate cancer risk, which was stronger 
among the men who were supplemented 
with 50 mg of  α -tocopherol daily during 
the trial. Our previous cohort analysis 
showed a pattern for dietary  γ -tocopherol 
similar to that observed here for serum 
 γ -tocopherol  ( 5 ) . The data in the present 
study suggest that  α -tocopherol supple-
mentation did not negatively impact the 
 γ -tocopherol/prostate cancer association 
and may have strengthened it. Interest-
ingly, the tocopherol associations were 
also somewhat stronger in the  β -carotene –
 supplemented group than in those who 
were not given  β -carotene supplements. 
How supplementation with either  α -
tocopherol or  β -carotene might modify 
the relationship between serum tocoph-
erol concentrations and prostate cancer 
risk is a matter of speculation but may 
involve enhanced absorption, preferen-
tial carriage, membrane transport or 
function, or biochemical function of the 
tocopherols in those who received either 
supplement, or it could be due to chance. 
Of potential  relevance is our observa-
tion that men in the lowest tertile of 
baseline serum   α -tocopherol who were 
given the  α -tocopherol supplement did 
not, on average, achieve serum  α -
tocopherol levels as high as the baseline 
level of men in the highest tertile. This 
suggests that, even with  α -tocopherol 
supplementation, men whose usual lev-
els were low may not have attained a 
threshold serum concentration.  

  The antioxidant activity of vitamin E 
may be particularly important to the 
observed associations because oxidative 
stress has been implicated in prostate 
carcinogenesis  ( 21   ) .  α -Tocopherol has 
other important non-antioxidant func-
tions as well, including enhancement of 
the immune response, modulation of 
gene expression, and inhibition of pro-
tein kinase C activity, cell proliferation, 
and cell adhesion  ( 3 , 22 ) . Recently,  α -
tocopheryl succinate was shown experi-
mentally to inhibit prostate cancer cell 
growth through suppressed expression 
of the androgen receptor, prostate-spe-
cifi c antigen, and cell cycle  regulatory 
proteins  ( 23 , 24 ) . We previously showed 

    Table 1.       Selected baseline characteristics of prostate cancer patients and control subjects, ATBC Study *    

             Mean (SD)     

    Characteristic     Case patients (n = 100)     Control subjects (n = 200)    

  Age, years   61.0 (4.7)   60.3 (4.4)  
  Height, cm   173.5 (6.2)   173.9 (6.0)  
  Weight, kg   79.3 (12.0)   78.4 (12.7)  
  Body mass index, kg/m 2    26.3 (3.4)   25.9 (3.7)  
  No. of cigarettes smoked per day   18.9 (7.4)   18.8 (8.1)  
  Years of smoking   39.9 (8.2)   39.2 (7.6)  
  Benign prostatic hyperplasia, %   10   6  
  Family history of prostate cancer, %  †     4.7   3.8  
  Physical activity, % active  ‡     11   19  
  Use of supplement with vitamin E, %   11   10  
  Urban residence, %   50   48  
  Married, %   80   85  
  Education, % > elementary school   17   17  
  Daily dietary intake        
     Total energy, kcal   2697 (687)   2874 (758)  
     Total vitamin E, mg  α -tocopherol    11.6 (5.5)   13.0 (6.0) §   
    equivalents
      α -Tocopherol, mg   10.1 (5.4)   11.0 (5.0)  
      γ -Tocopherol, mg   7.7 (6.9)   9.2 (8.2)  
  Biomarker serum concentration        
      α -Tocopherol, mg/dL   1.34 (0.34)   1.42 (0.39)  
      γ -Tocopherol, mg/dL   0.09 (0.04)   0.10 (0.04)  
      β -Carotene,  μ g/mL   0.24 (0.32)   0.24 (0.19)  
     Cholesterol, m M    6.3 (1.2)   6.5 (1.4)  
      HDL cholesterol, m M    1.2 (0.3)   1.2 (0.3)    

   *  ATBC = Alpha-Tocopherol, Beta-Carotene Cancer Prevention (cohort of male Finnish smokers, ages 
50 – 69 years, recruited from 1985 to 1988), SD = standard deviation, HDL = high-density lipoprotein. 

    †   Based on 43 case patients and 133 control subjects with available data. 
    ‡   Light or moderate activity at work and moderate or heavy activity at leisure. 
   §  Wilcoxon  P  = .04 (two-sided).   
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decreased androgen concentrations in 
response to  α -tocopherol  supplementation 
 ( 25 ) .  γ -Tocopherol has some functions 
that differ from those of  α -tocopherol, 
including, for example, protection 
against reactive nitrogen species  ( 1 , 26 )  
and selective inhibition of  cyclooxygenase 
activity and prostaglandin E 2  synthesis 
 ( 2 , 3 ) .   

  In conclusion, higher prediagnostic 
circulating concentrations of the major 
vitamin E fraction,  α -tocopherol, were 
associated with a substantially lower risk 
of prostate cancer; the association with  γ -
tocopherol was similar. The serum vita-
min E concentrations measured in this 
study represent status prior to supple-
mentation with  α -tocopherol. In addition, 
the fi ndings in this study were accentuated 
among men who received  α -tocopherol 
supplementation, which may allay con-
cerns regarding whether supplementation 
with  α -tocopherol may negatively impact 
 γ -tocopherol status in other prevention 

trials such as the Selenium and Vitamin E 
Cancer Prevention Trial (SELECT)  ( 27 ) .  
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